ZILIAN JOURNAL 

IC AL AND BIOLOGICAL RESEARCH 





www.bjournaLcom.br 



ISSN 1414-431X 

Volume 45 (12) 1102-1340 December 2012 
V J 

BIOMEDICAL SCIENCES 
AND 

CLINICAL INVESTIGATION 



Braz J Med Biol Res, December 2012, Volume 45(12) 1172-1182 

doi: 1 0. 1 590/SO 1 00-879X20 1 2007500 1 66 

Acute effects of resistance exercise and intermittent intense aerobic 
exercise on blood cell count and oxidative stress in trained 
middle-aged women 

A.M. Cardoso, M.D. Bagatini, M.A. Roth, C.C. Martins, J.F.P. Rezer, F.F. Mello, L.F.D. Lopes, 
V.M. Morsch and M.R.C. Schetinger 



The Brazilian Journal of Medical and Biological Research is partially financed by 



^CNPq Mlnlsterio 
da Ciencia eTecnologia 




Mlnlsterio 
da Educa^ao um pai'f d"! f~o d o s 

Q p g 3 GOVERNO FEDERAL 



Sci^O 



ESP 



ESP 

Campus 
Ribeirao Preto 



Faculdade de Medicina 
de Ribeirao Preto 



Institutional Sponsors 




UNICAMP 




SHIMADZU 



a/iFip 



toodofoo Explore High - Performance MS 
Seem,™ Orbitrap Technology 

aPeiquisa I" Proteomics & Metabolomics 



analitica Thermo 

analiticaweb.com.br scientific 



All the contents of this journal, except where otherwise noted, is licensed under a Creative Commons Attribution License 



Brazilian Journal of Medical and Biological Research (2012)45: 1172-1182 
ISSN 1414-431X 



Acute effects of resistance exercise and 
intermittent intense aerobic exercise on 
blood cell count and oxidative stress 
in trained middle-aged women 

A.M. Cardoso^, M.D. Bagatini^, M.A. Roth2, C.C. Martins^, J.F.P. Rezer^, 
F.F. Mello2, L.F.D. Lopes^, V.M. Morsch'' and M.R.C. Schetingeri 

''Departamento de Quimica, Centro de Ciencias Naturals e Exatas, 
Universidade Federal de Santa Maria, Santa Maria, RS, Brasil 
^Departamento de Desportos Individuals, Centro de Educagao Ffsica e Desportos, 
Universidade Federal de Santa Maria, Santa Maria, RS, Brasil 
■^Departamento de Administrapao, Centro de Ciencias Socials e Humanas, 
Universidade Federal de Santa Maria, Santa Maria, RS, Brasil 
^Curso de Enfermagem, Campus Chapeco, Universidade Federal da Fronteira Sul, 

Chapeco, SC, Brasil 



Abstract 

The aim of this study was to compare the effect of an intermittent intense aerobic exercise session and a resistance exercise ses- 
sion on blood cell counts and oxidative stress parameters in middle-aged women. Thirty-four women were selected and divided 
into three groups: RE group (performing 60 min of resistance exercises, N = 12), spinning group (performing 60 min of spinning, 
N = 12), and control group (not exercising regularly, N = 10). In both exercise groups, lymphocytes and monocytes decreased 
after 1-h recuperation (post-exercise) compared to immediately after exercise (P < 0.05). Immediately after exercise, in both 
exercised groups, a significant increase in TBARS (from 16.5 ± 2 to 25 ± 2 for the spinning group and from 18.6 ± 1 to 28.2 ± 
3 nmol MDA/mL serum for the RE group) and protein carbonyl (from 1 .0 ± 0.3 to 1 .6 ± 0.2 for the spinning group and from 0.9 
± 0.2 to 1 .5 ± 0.2 nmol/mg protein for the RE group) was observed (P < 0.05). A decrease in antioxidant activities (non-protein 
sulfhydryl, superoxide dismutase, catalase) was also demonstrated with a negative correlation between damage markers and 
antioxidant body defenses (P < 0.05). These results indicate that an acute bout of intermittent or anaerobic exercise induces 
immune suppression and increases the production of reactive oxygen species, causing oxidative stress in middle-aged and 
trained women. Furthermore, we demonstrated that trained women show improved antioxidant capacity and lower oxidative 
damage than sedentary ones, demonstrating the benefits of chronic regular physical activity. 

Key words: Intermittent exercise; Anaerobic exercise; Oxidative stress; Immune suppression; Middle-aged women 



Introduction 

With the aging process, especially in women after 
menopause, there is a natural increase of reactive oxygen 
species (ROS) accompanied by a decrease of the immune 
response (1 ,2). However, it is well accepted that regular 
physical training up-regulates the antioxidant enzymatic 
systems and stimulates the immune system, which may 
have implications for attenuating the usual increase in 
aging-related oxidative stress and immune suppression in 
this population (1,2). 



When physical activity induces muscle damage, the 
immune response becomes elevated, activating leukocytes 
and their differential cellular subtypes to release inflamma- 
tory signaling molecules. This culminates with the migration 
of inflammatory cells into the tissue (1,3). High-intensity 
exercises are associated with a biphasic change of circulat- 
ing leukocytes. In the immediate post-exercise period, an 
increase in the total number of leukocytes is observed, which 
mainly occurs at the expense of lymphocytes, neutrophils 
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and, to a lesser extent, of monocytes (3). After a recovery 
period, a decrease in lymphocyte numbers, which lasts 3 to 
6 h, has been reported (3,4). These alterations compromise 
the body's defense against infection and oncogenic agents, 
as well as allergic processes and auto-immunity (1 ,4). 

Thus, the intensity, volume, and frequency of exercise 
play a l<ey role in determining the immune responses to 
an effort and may increase or reduce the immune function 
(5). Regular exercise and/or physical training of moder- 
ate intensity improve the defense systems, represented 
by high levels of leukocytes preparing the body to fight 
against infections (6). On the other hand, intense training 
causes immune suppression with increased susceptibility 
to infections (6). 

One explanation for the immune suppression, i.e., the 
fragility of the immune system (reduced number of leu- 
kocytes), which makes the body more susceptible to the 
invasion of pathogens in response to an intense physical 
exercise load, may be an increased use of body functions 
with exaggerated ROS production and increased oxidative 
stress in tissues (7). 

It is recognized that free radicals, besides being among 
the factors that cause damage to the body due to acute 
physical exercise, also influence the immune system and 
essential metabolic functions (8). Oxidative stress occurs 
when the action of free radicals exceeds the activity of 
antioxidants (9). The production of ROS in response to 
acute exercise sessions may help the organism to improve 
its antioxidant capacity chronically. However, if the body 
does not have the time necessary to recover, this high 
production of ROS may be harmful, negatively affecting 
the immune response. 

Indirect assessment of oxidative stress involves the 
measurement ofthe more stable molecular products formed 
via the reaction of ROS with certain biomolecules. Some of 
the common molecular products are the concentrations of 
oxidation target products, including lipid peroxidation end- 
products, like malondialdehyde (IVIDA) and thiobarbituric 
acid reactive substances (TBARS) and oxidized proteins 
(protein carbonyls) (9). Additionally, oxidative stress can be 
measured by observing alterations in the body's antioxidant 
defense system. This is typically done by measuring the 
redox changes in glutathione. IVIoreover, the activity of 
certain antioxidant enzymes [superoxide dismutase (SOD) 
and catalase (CAT)] can be assessed as indicators of the 
oxidative stress imposed on the tissue. One of the main 
consequences of oxidative stress is lipid peroxidation and a 
possible damage to proteins and DNA, thus altering cell func- 
tion (9). On the otherhand, the production of ROS, besides 
having the potential to increase the antioxidant capacity of 
the body, can act as a cell signal for protein turnover and 
synthesis, being beneficial to the organism (8). 

IVIoreover, in situations of poor periodicity of exercise, 
ROS can induce a condition known as overreaching, which 
is a disturbance ofthe metabolic and recuperative systems 



(7, 1 0). Overreaching is a desirable state thatfollows a high- 
intensity exercise bout, promoting an elevated activity ofthe 
immune response. It is also characterized by a fast recovery 
and a positive physiological adaptation phase in response 
to exercise. Overreaching can be easily reversed in a few 
days or weeks. This condition of change in performance 
occurs before a much more serious and harmful situation 
to the body, i.e., overtraining, which, in addition to specific 
signs of metabolic fatigue, induces severe neuroendocrine 
disorders (7,10). A sustained and dramatic impairment of 
physical performance occurs with overtraining due to ex- 
cessive exercise sessions (high-intensity or high-volume 
training) associated with inadequate recovery periods. The 
decreased activity of the antioxidant defense system only 
becomes worrisome if after a period of recovery the body 
does not restore the redox balance. 

Today it is clear that acute aerobic and anaerobic 
exercise can potentially result in increased free-radical 
production, which may or may not result in acute oxidative 
stress (11 ). However, only a few single-study reports have 
so far compared the effects of anaerobic exercise and 
aerobic exercise on oxidative stress (12,13) and no studies 
were found about intermittent intense aerobic exercise or 
comparing intermittent and resistance exercise protocols in 
terms of oxidative stress and immunological parameters in 
middle-aged women. Resistance exercise is characterized 
by the use of energy above critical power and supplied via the 
anaerobic metabolism, which results in high accumulation 
of lactic acid. Long periods of ischemia elicit high xanthine 
oxidase activation and low VOamax is required when com- 
pared to intermittent exercise (14). Intermittent exercise, 
such as spinning, is characterized by the use of aerobic 
metabolism with short periods of anaerobic metabolism, in 
which the energy is produced primarily by the use of oxygen 
(high V02max)> without much accumulation of lactic acid. 
The periods of reperfusion are longer than the periods of 
ischemia, generating less activation of xanthine oxidase 
when compared to resistance exercise (14). 

It is fairly well accepted that ROS production and the 
subsequent tissue damage resulting from aerobic exercise 
are mainly due to an increased flux of electron transport 
leading to an increased leakage of superoxide radicals, while 
the generation of ROS during and following anaerobic exer- 
cise may be mediated by a variety of other pathways (15). 
These include xanthine and NADPH oxidase production, 
ischemia-reperfusion, prostanoid metabolism, phagocytic 
respiratory bursts, disruption of iron-containing proteins, 
and excessive calcium accumulation, often resulting from 
the performance of muscle-damaging isotonic or eccentric 
biased muscle actions, which commonly produce muscle 
injury (15). 

There is a lack of knowledge about the alterations that 
occur due to an acute session of resistance exercise as 
well as intermittent intense aerobic exercise in middle-aged 
women. This emphasizes the importance of this investiga- 
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tion mainly because health professionals are required to 
have a good understanding of the processes occurring in 
a woman's body during this period of life as well as in situ- 
ations where physical abilities are required, as in the case 
of an exercise session (16). Thus, the present study can 
provide information for health professionals in order to avoid 
overtraining by recommending proper exercise. 

In order to understand the potential health benefits 
or harmful effects that may be incurred by intensive ex- 
ercise, the study of the biochemical variables involved in 
an exercise session in middle-aged women is extremely 
important. Thus, the aim of this study was to analyze the 
effect of an intermittent exercise session and a resistance 
exercise session on blood cell counts and oxidative stress 
in middle-aged women. 

Material and Methods 

Experimental group 

Thirty-four healthy women aged 45 to 55 years were 
selected for this study. They had normal blood pressure 
and were free from diabetes mellitus, obesity, alcoholism, 
cigarette smoking, and chronic diseases. Moreover, they 
had not been submitted to any pharmacological therapy 
during the month before the study. The women were divided 
into three groups: 

Resistance exercise (RE) group. Twelve women en- 
gaged in resistance exercises twice a week for at least 2 
years at fitness centers in Santa Maria, RS. 

Spinning group. Twelve women engaged in spinning 
activity twice a week for at least 2 years at fitness centers 
in Santa Maria, RS. 

Control group. Ten sedentary women. 

The women were informed of the purpose, nature, and 
possible side effects involved in the study, and gave their 
informed written consent. The protocol was approved by 
the Human Ethics Committee of the Centre de Ciencias 
Naturals e Exatas, Universidade Federal de Santa Maria, 
Brazil (protocol No. 0288.0.243.000-09). Moreover, the 
ethical issues of the Declaration of Helsinki (1986) from 
the World Medical Association were considered in this 
research. 

Procedures 

All participants underwent physical assessment before 
the day of data collection, which included body composition 
assessment, measurement of heart rate (HR) and blood 
pressure (BP) at rest, measurement of body mass index 
(BMI), waist-to-hip ratio (WHR), and one-repetition maximal 
(1-RM) test to estimate a load of approximately 75% of 
maximum strength for the RE group. 

Before the experiment, all subjects received a medical 
certificate proving that they were able to perform physical 
tests. Experiments began at the same time of day to avoid 
circadian and circaseptan effects. Data collection was 



performed on 3 days, 1 day per group. 

On the first day, procedures were carried outwith the RE 
group. The session required the completion of a standard 
circuit of resistance exercises in which three sets of 1 0 rep- 
etitions at 75 to 80% of 1 -RM force were completed at each 
of the 10 stations: leg press, knee station, hamstring curl, 
buttocks, hip adduction, hip abduction, bench press, high 
pull, biceps curl, and triceps curl. In this protocol, exercise 
sets were usually performed up to muscular failure. 

On the second day, procedures were carried out with 
the spinning group. Subjects performed 50 min of inter- 
mittent aerobic exercise on a cycle ergometer used for 
spinning classes, which was completed at 70 to 85% of 
the individual's HR. 

In both experiments, subjects remained seated fora 1 -h 
recovery period following the exercises. HR was monitored 
continuously throughout each session using a Polar® fre- 
quency counter (Polar, Brazil) and results are reported as 
beats per minute. The rating of perceived exertion (RPE) 
was monitored continuously using a Borg scale (1 7) and BP 
was monitored before, immediately after, and 1 h after the 
exercise sessions by the auscultatory technique. A blood 
sample was collected at rest. Immediately after, and 1 h 
after the exercise sessions. 

On the third day, procedures were carried out with 
the control group. The participants were not submitted 
to exercise. They remained at rest for 2 h and the same 
procedures were performed only once. 

Anthropometric measurements 

Body mass was measured with an ARJA® anthropo- 
metric scale (Arja, Brazil) with a resolution of 100 g and 
body height with a Sanny® stadlometer (Sanny, Brazil). 
BMI was calculated as weight divided by height squared. 
WHR was calculated as waist measurement divided by hip 
measurement. The standard cut-off points recommended 
by the World Health Organization were used for BMI and 
WHR (18). 

Percent body fat was estimated by the method of skin 
folds, which are measured with an adipometer CESCORF® 
(CESCORF, Brazil) with a resolution of 1 mm. Percent 
body fat was determined using the Jackson et al. (19) 
equation. 

Sample collection 

Venous blood was collected into tubes containing or not 
an anticoagulant. Serum was obtained by centrifugation at 
1 800 gfor 1 0 min and the solids were discarded. Serum was 
then used to determine the following: glucose, lipid profile, 
TBARS, and protein carbonyl. For non-protein sulfhydryl 
(NPSH), blood was collected using EDTAas anticoagulant. 
The sample was then centrifuged at 1 800 g for 1 0 min and 
plasma thiols were determined. CAT and SOD activities 
were determined using whole blood collected into citrated 
tubes and diluted 1:10 in saline. The samples were kept at 
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-80°C until analysis. Total blood with EDTA was used for 
the hematological determinations, with counts performed 
immediately afterwards. 

Evaluation of glucose and lipid profile 

Glucose, serum total cholesterol, and triglyceride 
concentrations were measured by standard enzymatic 
methods using Ortho-Clinical Diagnostics® (Johnson and 
Johnson, USA) reagents in an automated analyzer (Vitros 
950® dry chemistry system; Johnson and Johnson). High- 
density lipoprotein (HDL) cholesterol was measured in the 
plasma supernatant after precipitation of apolipoprotein 
B-containing lipoproteins with dextran sulfate and magne- 
sium chloride (20). 

Hematological determinations 

Quantitative determinations of white blood cells, 
hemoglobin, hematocrit, platelets, and percentages of 
lymphocytes, monocytes and granulocytes obtained by 
venipuncture were performed using a Coulter-STKS ana- 
lyzer (USA). 

Determination of lipid peroxidation 

Lipid peroxidation was estimated by measuring TBARS 
in serum samples according to the method of Jentzsch et 
al. (21), modified. Briefly, 0.2 mL serum was added to the 
reaction mixture containing 1 mL 1% ortho-phosphoric 
acid, 0.25 mLall<aline solution of thiobarbituric acid (final 
volume 2.0 mL) followed by 45 min heating at 95°C. After 
cooling, samples and standards of IVIDAwere read at 532 
nm against the blank of the standard curve. The results are 
reported as nmol IVIDA/mL plasma. 

Carbonylation of serum protein 

The carbonylation of serum proteins was determined 
by the method of Levineetal. (22), modified. Proteins were 
precipitated from 1 mL serum using 0.5 mL 10% TCAand 
centrifuged at 1800 g for 5 min, and the supernatant was 
discarded. Next, 0.5 mL 1 0 mlVI 2.4-dinitrophenylhydrazine 
(DNPH) in 2 IVI HCI was added to this precipitate protein 
and incubated at room temperature for 30 min. During 
incubation, the samples were mixed vigorously every 
15 min. After incubation, 0.5 mL 10% TCA was added 
to the protein precipitate and centrifuged at 1 800 g for 5 
min. The supernatant was discarded, the precipitate was 
washed twice with 1 mL ethanol/ethylacetate (1:1) and 
the supernatant was centrifuged out in order to remove 
the free DNPH. The precipitate was dissolved in 1.5 mL 
protein dissolving solution (2 g SDS and 50 mg EDTA in 
1 00 mL 80 mlVI phosphate buffer, pH 8.0) and incubated at 
37°C for 1 0 min. The color intensity of the supernatant was 
measured using a spectrophotometer at 370 nm against 2 
IVI HCI. Carbonyl content was calculated using the molar 
extinction coefficient (21 x 10'^L-mol"''-cm"'')and the results 
are reported as nmol/mg protein. 



Determination of non-protein thiols 

Non-protein thiols were assayed in plasma by the 
method of Ellman (23). Aliquots (0.1 mL) of plasma were 
added to 0.85 mL 0.3 IVI phosphate buffer, pH 7.4, and the 
reaction was read at 412 nm after the addition of 10 mlVI 
5-5'-dithio-bis(2-nitrobenzoic acid) (0.05 mL). Data are 
reported as |jmol/mL plasma. 

CAT and SOD activities 

CAT activity was determined by the method of Nelson 
and Kiesow (24), modified. This assay involves the change 
in absorbance at 240 nm due to CAT-dependent decompo- 
sition of hydrogen peroxide. An aliquot (0.02 mL) of blood 
was homogenized in potassium phosphate buffer, pH 7.0. 
The spectrophotometric determination was initiated by the 
addition of 0.07 mL in an aqueous solution of hydrogen 
peroxide (0.3 IVI). The change in absorbance at 240 nm 
was measured for 2 min. CAT activity was calculated using 
the molar extinction coefficient (0.0436 cm^/ijmol) and the 
results are reported as pmol/mg protein. 

The measurement of SOD activity is based on the inhi- 
bition of the radical superoxide reaction with adrenalin as 
described by IVIcCord and Fridovich (25). In this method, 
SOD present in the sample competes with the detection 
system for radical superoxide. One SOD unit is defined as 
the amount of enzyme that inhibits by 50% the speed of 
adrenalin oxidation. The oxidation of adrenalin leads to the 
formation of the colored product, adrenochrome, which is de- 
tected by spectrophotometry. SOD activity is determined by 
measuring the speed of adrenochrome formation observed 
at 480 nm in a reaction medium containing glycine-NaOH 
(50 mlVI, pH 10) and 1 mlVl adrenalin. 

Statistical analysis 

Data were analyzed statistically using the SAS program, 
version 9.1. A descriptive analysis of the data was first 
carried out, followed by the application of the Shapiro Wilk 
normality test, which showed that our data did not follow 
a normal distribution. Thus, the Wilcoxon test was used 
for comparison of the three different times (at rest, after 
exercise and after recuperation) in the same group and 
the IVIann-Whitney test was used for comparison between 
different groups (sedentary, spinning and RE). Correlations 
were analyzed by the Pearson test. The level of significance 
was set at 0.05 in all analyses. 

Results 

Table 1 shows the characteristics of the variables age, 
body mass, stature, BIVII, WHR, fat percentage, fat mass, 
and lean mass for the three groups included in the study. 
The data show that the groups were homogeneous and all 
participants had good levels of fat percentage, BIVII clas- 
sified as normal (18), and WHR indicating low risk for the 
development of heart problems (18). 
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Table 1. Characteristics of the participants of the present study. 



Variables 


Control group (N = 10) 


RE group (N = 12) 


Spinning group (N = 12) 


Age (years) 


47.66 ±2.65 


47.81 ± 3.682 


48.88 ± 3.88 


Body mass (kg) 


65.41 ± 5.41 


58.30 ± 7.36 


60.10 ±5.08 


Stature (cm) 


1.62 ±0.04 


1.63 ±0.032 


1.61 ±0.05 


BMI (kg/m2) 


24.56 ± 1.27 


21.65 ±2.87 


22.74 ± 1.63 


WHR 


0.75 ± 0.04 


0.72 ± 0.68 


0.72 ± 0.03 


Body fat (%) 


24.68 ±2.19 


21.03 ±4.03 


22.85 ±3.13 


Fat body mass (kg) 


17.95 ±3.16 


12.70 ±3.82 


15.52 ±5.05 


Lean body mass (kg) 


48.18 ±2.42 


45.66 ±4.11 


46.22 ± 4.27 



Data are reported as means ± SD. RE = resistance exercise; BMI = body mass index; WHR = 
waist-to-hip ratio. There were no significant differences between groups (Mann-Whitney test). 

Table 2. Cardiovascular and biochemical variables at rest, after exercise and 1 h after recuperation. 



Variables 



Control group 
(N = 10) 



RE group 
(N = 12) 



Spinning group 
(N = 12) 



At rest 



After exercise After 

recuperation 



At rest 



After exercise 



After 
recuperation 



HR(bpm) 


86.83 


± 


6.30# 


71.81 


+ 


446*a 


142.54 


+ 


5.58'= 


70.50 ± 


4.14a 


68.11 ± 


7.07*a 


167.66 


±17.36" 


62.83 


+ 


4.79 


SBP(mmHg) 


121.66 


+ 


7.52 


114.54 


+ 


6.87 


117.27 


+ 


13.48 


114.40 ± 


6.85 


120.66 ± 


8.0 


118.33 


± 12.98 


114.00 


+ 


8.00 


DBP (mmHg) 


81.66 


+ 


7.52 


74.545 


+ 


7.22 


74.18 


+ 


10.21 


75.00 ± 


7.07 


81.11 ± 


10.54 


77.77 


±6.66 


76.66 


+ 


5.16 


RPE (6-20) 


6.00 


+ 


0 


6.00 


+ 


Oa 


17.81 


± 


1.25" 


6.00 ± 




6.00 ± 


oa 


16.66 


± 1.73" 


6.00 


+ 


Oa 


Glucose (mg/dL) 


117.50 


+ 


11. 8# 


102.54 


+ 


14.47* 


95.90 


± 


7.8 


98.00 ± 


7.54 


113.11 ± 


14.45#* 


105.33 


± 14.46 


108.00 


+ 


5.65 


Cholesterol (mg/dL) 


177.33 


+ 


27.1* 


138.00 


+ 


18.37* 


143.90 


± 


20.06 


134.20 ± 


19.06 


144.66 ± 


19.03* 


153.33 


± 12.00 


145.33 


+ 


15.66 


HDL-C (mg/dL) 


47.50 


+ 


11.50# 


63.36 


+ 


10.99* 


66.36 


+ 


11.61 


61.50 ± 


11.02 


59.66 ± 


9.95* 


63.77 


± 10.90 


59.83 


± 


10.49 


Triglycerides (mg/dL) 


310.33 


+ 


173.5# 


90.36 


+ 


31.18* 


101.18 


+ 


45.09 


99.70 ± 


40.86 


127.77 ± 


50.10* 


145.22 


±46.14 


125.00 


+ 


49.80 


Monocytes (%) 


7.30 


+ 


1.8 


6.52 


+ 


-1,-1 -|ab 


7.04 


+ 


1.97a 


5.66 ± 


1.16" 


6.74 ± 


1.363" 


7.65 


± 0.89a 


5.20 


+ 


1.16" 



Results are reported as means ± SD. RE = resistance exercise; HR = heart rate; SBP and DBP = systolic and diastolic blood pres- 
sures, respectively; RPE = rating of perceived exertion; HDL-C = high-density lipoprotein cholesterol. Different superscript letters 
indicate statistically significant differences between times of blood collection (rest, after exercise and after recuperation) in the same 
group (P < 0.05, Wilcoxon test). Different symbols (#, *) indicate a statistically significant difference between groups at rest (P < 0.05, 
Mann-Whitney test). 



Table 2 shows the cardiovascular and biochemical 
variables at rest, after exercise, and after recuperation of 
the RE, spinning, and control groups. We observed that 
there is a statistically significant difference between the RE 
and spinning groups and the control group regarding HR. 
At rest and after recuperation, the RE and spinning groups 
presented a lower HR than the control group (P < 0.05). 
After exercise, the RE and spinning groups had a larger 
increase of HR compared to the rest situation in the same 
groups and to the control group (P < 0.05). 

No significant difference in BP was observed between 
the RE and spinning groups as a result of the exercises. 
RPE did not differ between groups when participants were 
at rest. However, a significant increase (P < 0.05) was 
observed after exercise, when participants felt intense 
physical effort as determined by a mean value (± SD) of 
17.81 ± 1.25 on the Borg scale (17) for the RE group and of 



16.66 ± 1.73 for the spinning group. 

Glucose was significantly higher (P < 0.05) in the control 
group than in the RE and spinning groups at rest. However, 
no difference in this variable was observed between the 
exercise groups. 

None of the exercises tested induced significant changes 
in cholesterol, HDL cholesterol, or triglycerides. On the 
other hand, the RE and spinning groups had significantly 
better values at rest compared to control, showing lower 
cholesterol values (1 38.00 ± 1 8.37 mg/dLfor the RE group, 
1 44.66 ± 1 9.03 mg/dL for the spinning group, and 1 77.33 ± 
27.1 mg/dL for the control group, P< 0.05) and triglyceride 
values (90.36 ± 31.18 mg/dL for the RE group, 127.77 ± 
50.10 mg/dLfor the spinning group, and 310.33 ± 173.5 
mg/dL for the control group, P < 0.05), but higher HDL 
cholesterol values (63.36 ± 10.99 mg/dL for the RE group, 
59.66 + 9.95 mg/dL for the spinning group, and 47.50 + 
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11.50 mg/dLforthe control group, P < 0.05) at rest. 

No differences were found in white blood cells, hemo- 
globin, hematocrit, or percentages of monocytes or granu- 
locytes between the groups at rest (some data not shown). 
Lymphocyte percentage (Figure 1) was markedly reduced 
after 1-h recuperation in the spinning group (from 35.4 ± 
2.1 to 30.3 ± 1 .8%) and the RE group (from 38.1 ± 3 to 27.2 
± 3%) compared to the time immediately after exercise (P 

< 0.05). IVIonocytes (Table 2) were also decreased after 
1-h recuperation compared to the time immediately after 
exercise (P < 0.05). 

Figures 2 and 3 show oxidative stress biomarkers of 
the RE and spinning groups at rest, after exercise and after 
recuperation. In both exercised groups, TBARS (Figure 2A) 
showed an increase in lipid peroxidation after exercise com- 
pared to rest (from 16.5 ± 2 to 25 ± 2 nmol IVIDA/mL serum 
for the spinning group and from 18.6 ± 1 to 28.2 ± 3 nmol 
IVIDA/mLserumforthe RE group, P < 0.05) and a decrease 
after recuperation (1 8.8 ± 2 for the spinning group and 23.1 
±2 nmol IVIDA/mLserumforthe RE group, P< 0.05). When 
both exercised groups were compared to control at rest, 
no differences were found in this variable. 

Protein oxidation, determined by serum protein carbonyl 
content (Figure 2B), increased in the RE group (from 0.9 
± 0.2 to 1.5 ± 0.2 nmol/mg protein) and in the spinning 
group (from 1.0 ± 0.3 to 1.6 ± 0.2 nmol/mg protein) after 
exercise (P < 0.05), and continued to be increased after 
recuperation (1 .43 ± 0.2 nmol/mg protein for the RE group 
and 1 .4 ± 0.1 nmol/mg protein for the spinning group, P < 
0.05) compared to the rest situation. No differences were 
found when compared with the control group. 

Non-protein thiols (Figure 3A) were reduced in the RE 
(from 1 .27 ± 0.2 to 0.86 ± 0.2 |jmol/mL plasma) and spinning 
(from 1 . 1 6 ± 0.2 to 0.82 ± 0.2 |jmol/mL plasma) groups imme- 
diately after exercise (P < 0.05). An increase was observed 
after 1 h of recuperation only in the RE group (1.12 ± 0.2 
|jmol/mL plasma, P < 0.05), approaching baseline levels. 
There was no difference between groups at rest. 

SOD activity (Figure 3B) was significantly decreased in 
the RE group after exercise (12.7 ± 2.4 SOD/mg protein, P 

< 0.05) and continued to be decreased after recuperation 
(12.6 ± 2.5 SOD/mg protein, P < 0.05) when compared to 
the rest situation (16.0 ± 2.1 SOD/mg protein). The same 
occurred with CAT activity (Figure 3C). There was a de- 
crease in CAT activity after exercise (5.5 ± 1 .4 pmol/mg 
protein, P < 0.05), which remained after recuperation (6.2 
± 2.2 pmol/mg protein, P < 0.05) when compared to the 
rest situation (11.6 ± 2.6 pmol/mg protein). It is interesting 
to note that women who practiced resistance exercise had 
higher SOD and CAT activities compared to the control 
group (P < 0.05) of sedentary women. 

SOD and CAT activities were significantly decreased 
in the spinning group after exercise (10.5 ± 2.2 SOD/mg 
protein for SOD and 7.1 ± 1.1 pmol/mg protein for CAT, P 

< 0.05) and continued to be decreased after recuperation 
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Figure 1. Lymphocyte percentages. Data are reported as means 
± SD. RE = resistance exercise. Different letters indicate a sig- 
nificant difference between times of blood collection (rest, after 
exercise, and after recuperation) in the same group (P < 0.05, 
Wilcoxon test). 
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Figure 2. Biomarkers of oxidative damage. A, TBARS values and 
B, Protein carbonyl values. Data are reported as means ± SD. RE 
= resistance exercise. Different letters indicate a significant differ- 
ence between times of blood collection (rest, after exercise, and 
after recuperation) in the same group (P < 0.05, Wilcoxon test). 
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Figure 3. Antioxidant defenses. A, Non-protein sulfhydryl 
values; 6, superoxide dismutase (SOD) activity; C, cata- 
lase activity. Data are reported as means ± SD. RE = re- 
sistance exercise. Different letters indicate a significant 
difference between times of blood collection (rest, after 
exercise, and after recuperation) in the same group (P < 
0.05, Wilcoxon test). Different symbols (#, *) indicate a sta- 
tistically significant difference between groups at rest (P < 
0.05, Mann-Whitney test). 
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Table 3. Correlations between the oxidative stress parameters of the spinning and RE groups 
after exercise and after recuperation. 



Variables 



Spinning group (N = 12) 



RE group (N = 12) 



After exercise After recuperation After exercise After recuperation 



TEARS 


-0.912* 


- 0.382 


-0.899* 


-0.768 


TEARS and SOD 


-0.942* 


0.467 


-0.919* 


0.433 


TEARS and CAT 


-0.948* 


0.428 


-0.937* 


0.376 


Carbonyl and NPSH 


-0.922* 


-0.798 


-0.892* 


0.533 


Carbonyl and SOD 


-0.943* 


-0.892* 


-0.956* 


-0.925* 


Carbonyl and CAT 


-0.911* 


-0.918* 


-0.911* 


-0.891* 



Data are reported as R value. RE = resistance exercise; TEARS = thiobarbituric acid reactive 
substances; NPSH = non-protein sulfhydryl groups; SOD = superoxide dismutase; CAT = cata- 
lase. *P < 0.05 (Pearson's correlation). 



(10.6 ± 2 SOD/mg protein and 8.2 ± 1.9 pmol/mg protein, 
P < 0.05) when compared to the rest situation (14.8 ± 2.3 
SOD/mg protein for SOD and 13.2 ± 2.3 pmol/mg protein 
for CAT). Moreover, the activity of these two enzymes was 
higher in women who practiced spinning (at rest) when 



compared to sedentary women (P < 0.05). 

Table 3 shows correlations between the oxidative stress 
parameters of the two exercised groups after exercise and 
after recuperation. As can be observed, in both groups, im- 
mediately after exercise there was a negative correlation 
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between lipid and protein oxidation and the antioxidant 
defenses (NPSH, SOD, and CAT). After 1-h recuperation, 
a negative correlation between protein carbonyl and enzy- 
matic antioxidant defenses (SOD and CAT) was observed 
in both groups, showing that this variable did not change 
even after 1-h recuperation, that is, protein carbonyl re- 
mained higher in both groups and SOD and CAT activities 
remained decreased. 

Statistical comparison between the RE and spinning 
groups (data not shown) showed significant differences only 
in HR, with the spinning group having higher values after 
exercise (P < 0.05) and lower values after recuperation (P < 
0.05) compared to the RE group. No significant differences 
were observed between the excercised groups regarding 
any other variables analyzed during the experiment. 

Discussion 

During the aging process, a natural increase in ROS 
occurs in women, accompanied by a decrease of the im- 
mune response. On the other hand, it is well accepted that 
regular physical training upregulates antioxidant enzymatic 
systems and improves the immune system, which may 
have implications for attenuating the usual increase in 
aging-related oxidative stress and immune suppression 
in this population (2). However, until now, no studies have 
proposed to assess changes in blood cells compared to 
the production of ROS when analyzing intermittent intense 
aerobic and resistance exercises. This is the first study that 
aimed to analyze the effects of intermittent exercise and 
anaerobic exercise on cardiovascular, immunological and 
biochemical parameters in middle-aged women. 

HR measurement (16) and Borg scale (17) have been 
used to determine exercise intensity. According to our re- 
sults, both types of exercise produced significant increases 
in these parameters, showing that women felt extreme 
effort when performing high-intensity activities. Indeed, no 
significant changes in BPwere detected. This was probably 
due to the time elapsed from placing the cuff on the person 
to completion of the measurement. According to Baum et 
al. (26), the relaxation interval of 3 s is sufficient to permit a 
prompt recovery of BP. 

Glucose was analyzed in the postprandial state, ex- 
plaining the high levels of this variable at rest in all groups. 
Indeed, the levels of the control group (117.50 ±11.8 mg/ 
dL) were significantly higher than those of the other groups 
(102.54 ± 14.4 for the RE group and 113.11 ± 14.3 mg/ 
dL for the spinning group) perhaps due to the sedentary 
lifestyle of the subjects. IVIondazzi and Arcelli (27) stated 
that a decline in blood glucose is expected after a bout of 
physical activity. However, our results showed no significant 
decrease, probably because these were trained women 
and their metabolism was already adapted. Cholesterol 
and triglycerides were lower in the trained women than in 
the sedentary ones, whereas HDL cholesterol was higher 



in trained women than in sedentary ones. The better values 
in women engaged in physical training may be explained 
by the adaptations to which the body is subjected due to 
the exercise practice (28,29). Regarding body composition 
(body mass and BIVII), the values of the control group are 
worse than those of the exercised groups. These results, 
although not statistically significant, seem to be related to 
physical training, as extensively reported in the literature 
(16). 

In contrast to data available in the literature (30,31 ), we 
did not observe a significant increase in total leukocyte, 
neutrophil, monocyte, or lymphocyte counts immediately 
following the two types of exercise. Indeed, the cited stud- 
ies were conducted on young populations, and perhaps 
the reason we did not find this increase was due to the fact 
that the women of our study are in the aging process and 
their cell defenses may not be responding as they should 
to such an aggressive stimulus. According to Olsen and 
Kovacs (32), the low levels of estrogen observed in middle- 
aged women have been shown to attenuate the immune 
response and to predispose the organism to microbial 
invasion and infection. Nevertheless, in the present study, 
estrogen levels were not measured. Thus, further investi- 
gation is necessary to find a plausible explanation for the 
lack of changes in the amount of blood cells immediately 
after exercise observed here. 

However, our results agree with Nieman and Nehlsen- 
Cannarella (1 ) who reported that intense exercise induced 
strong lymphocytopenia 30 min after exercise. In our study, 
the last sample was collected 1 h after exercise, when we 
found a major decrease in percentages of lymphocytes 
and monocytes after both exercises. This result shows that 
intense physical exercise could induce immune suppres- 
sion, as already well documented by other authors (1 ,5,6), 
although not in the population of our study. Our results 
also agree with Nieman et al. (33) who reported that leg 
squat exercise induced strong lymphocytopenia, similar in 
magnitude to the changes reported after endurance exer- 
cise. Despite differences in protocols, we can observe that 
intense exercises show similar responses in terms of the 
immune system. These responses are highly dependent 
on the ability of leukocytes to migrate from the blood to 
peripheral tissues at sites of inflammation (9), in this case, 
provoked by exercise. IVIoreover, this immune suppression 
seems to be linked to the oxidative stress induced by ex- 
ercise because there is an increased use of the functions 
of the organism with exaggerated production of ROS and 
increased oxidative stress in the tissues (7,8). 

The most common method used to indicate exercise- 
induced oxidative damage has been the assessment of 
lipid peroxidation through the contents of TBARS (11). Our 
results showed an increase in TBARS in both exercises, 
corroborating similar findings in young humans with values 
typically returning to baseline 1 h after exercise (34), as 
also observed in our study. 
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Proteins are major targets for ROS (13). Increased 
protein oxidation, measured by the formation of protein 
carbonyls (11), has been reported by several investiga- 
tors (35,36), and remains elevated for several hours after 
aerobic exercise (36). In our study, protein oxidation also 
increased after exercise and remained elevated after 1 h 
of recuperation, in agreement with the cited studies. 

The measurement of NPSH has also been routinely 
performed forthe determination of exercise-induced oxida- 
tive stress, and typically a decrease in this biomarl<er has 
been reported following a variety of exercise protocols 
(11,34,36,37); the same result was observed in our study 
with both protocols. The reduction of NPSH as a result of 
an acute bout of exercise can be explained by the utilization 
of this antioxidant defense in an attempt to avoid oxidative 
stress damage to the body (37). This was reinforced by the 
negative correlation between TBARS and protein carbonyl 
and NPSH in both groups immediately after exercise. 

Free radical-scavenging enzymes such as SOD and 
CAT are the first line of cellular defense against oxidative 
injury (8). Our study showed high levels of these enzymes 
in trained women (RE and spinning groups) compared to 
sedentary ones (control group) at rest. This can be ex- 
plained by the participant training level, which may have 
improved the endogenous enzymatic antioxidant defenses 
of trained women (2,11), as observed by the high levels 
of these two enzymes. It is well established that regular 
physical training improves antioxidant defenses, mal<ing 
the body adapted to scavenging ROS more easily than in 
sedentary individuals (2). 

As a consequence of the exercise performed by the par- 
ticipants, our study showed a decrease in these antioxidant 
defenses in both exercise groups, which continued to be 
reduced after 1-h recuperation. In this study SOD and CAT 
decreased immediately after exercise, as also reported by 
Watson etal. (38) and Steinberg etal. (34). However, these 
studies showed an increase above basal conditions of these 
enzymes during the recovery period; results that differfrom 
our study. According to Fisher- Wellman and Bloomer (11 ), 
in response to conditions of strenuous physical worl<, the 
body antioxidant capacity may be temporarily decreased 
since its components are used to quench the harmful radi- 
cals produced, and this decreased time depends on the 
intensity of exercise. In our study, the high intensity of both 
exercises can explain this decrease in enzyme activities. 
Another explanation for the suppression of SOD and CAT 
activities is the damage to the proteins that occurred as a 
consequence of high production of ROS after exercise in 
both groups, confirmed by the negative correlation with 
SOD and CAT, which remained even after 1 -h recuperation. 
Furthermore, we observed synergism between the activities 
of these two enzymes, as described in literature (11). 

The same negative correlation was observed between 
TBARS and antioxidant enzymes immediately after exercise 
in both the spinning and RE groups. This result indicates that. 



as the antioxidant enzymes are suppressed probably by the 
damage to proteins, they cannot exert their effects, and ROS 
become more available to cause lipid damage. However, 
after 1-h recuperation, TBARS returned to baseline levels 
and enzyme antioxidant defenses did not show the same 
behavior and no significant correlations were detected. 
Tal<ing this into account, other mechanisms must be inves- 
tigated to explain why TBARS levels returned to the levels 
observed when subjects were at rest and protein carbonyl 
and enzyme activities did not. One of the explanations for 
these results may be related to the physical conditioning 
of the women, which could manage to prevent even more 
cellular damage, avoiding a prolonged lipid peroxidation. 

Bloomer et al. (12) analyzed the effect of acute bouts 
of anaerobic and aerobic exercises on oxidative stress pa- 
rameters and did not find differences between the exercise 
protocols tested , as was also observed in our study. Indeed , 
they found an indication of oxidative stress, which was not 
significant, justified by the training of the subjects. We found 
strong evidence of acute exercise-induced oxidative stress 
and our study was carried out on trained subjects. This 
discrepancy can be explained by the age of the individu- 
als studied. Astudy conducted by Ratiani et al. (39) shows 
that the decline of the female sex hormone estrogen was 
correlated with oxidative damage and inflammation. Thus, 
it is reasonable to assume that the high ROS generation 
observed after workouts in the present study was also 
related to the aging process. 

Unlike intermittent and aerobic exercises, where 
increased mitochondrial respiration is thought to be the 
primary target of increased ROS, it has been suggested 
that the increased radical production and subsequent 
oxidative stress observed during and following resistance 
exercise may be mediated to a large extent by the activi- 
ties of certain radical-generating enzymes (xanthine and 
NADPH oxidase), prostanoid metabolism, phagocytic 
respiratory burst, disruption of iron-containing proteins, as 
well as altered calcium homeostasis (15). Brief periods of 
ischemia followed by reperfusion, resulting from intense 
muscular contraction as well as mechanical stress and/ 
or muscle damage, are thought to be the mechanisms 
underlying the increase in ROS triggering the activity of 
radical- generating enzymes and initiating the migration of 
inflammatory cells to the affected area (15). Thus, this is 
the possible explanation for the formation of ROS through 
anaerobic activity and could be the link between oxidative 
stress and immune suppression verified in our study. 

Thus, our findings indicate that, similar to aerobic exer- 
cises, although the mechanisms are not fully understood, 
anaerobic and intermittent exercises, when performed at 
high intensity, clearly have the ability to result in acute 
oxidative stress and immune suppression in middle-aged 
and trained women. Since 1 h after exercise we observed 
a decrease in lymphocytes, a maintained decrease in the 
enzymatic body defense (SOD and CAT), and a maintained 
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increase of protein carbonyl, we could infer that if this l<ind 
of exercise is done witt an insufficient recovery period, 
these metabolic changes, mainly in immunity, may become 
clinically relevant. 

However, based on ourdata, the consequences of these 
alterations after a long period of recuperation following 
an acute exercise session are unl<nown. We suggest for 
further studies a larger investigation of whether the altera- 
tions induced by both bouts of intermittent and anaerobic 
exercises performed by the trained women might translate 
into a maladaptive response or if they could represent a 
positive adaptation for trained women. This type of inves- 
tigation could also provide information about how long a 
sufficient period of recovery should be after different kinds 
of exercise in this population. In addition, the consequences 
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of an acute bout of intense exercises cannot be extended 
to untrained individuals who probably do not have the same 
degree of antioxidant protection as the trained subjects in 
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intermittent or anaerobic exercise programs seemed to 
benefit from healthy blood lipid profiles and higher rest- 
ing antioxidant levels ready to defend against ROS when 
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